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Question 1 (25 marks) 


Answer each statement with “TRUE” or “FALSE” and give a brief justification supporting 
your decision. (5 marks per statement) 
No mark is given for an answer without any justification. 


a) A single moving average is always stationary. 
b) Simple exponential smoothing models are useful for data which have a time trend. 


c) In an estimated multiple regression model when the coefficient of one of the variables 
has an associated p-value of 0.08, the variable should be dropped from the model. 


d) The order of a moving-average (MA) process can best be determined by the partial 
autocorrelation function. 


e) If itis found that the errors from an ARIMA model exhibit serial correlation, such a 
model is an adequate forecasting model. 
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Question 2 (25 marks) 


The monthly workforce numbers for a large Great Barrier Reef tourist company over 192 
months are graphed below. As the company relies on a large number of casual staff at busy 
times of the year, it is important that it can forecast its workforce needs accurately. 


a) Explain which exponential smoothing method would be most appropriate for 
forecasting future workforce levels. 


b) Should the model be additive or multiplicative? Justify your choice. 


c) Five smoothing models were estimated and details are given in the table below. 
Which model would you use for forecasting future workforce requirements? 
Justify your choice. 


d) Interpret the smoothing constants of your optimum model. 


Smoothing Constants 
Time Series Plot of Workforce 
| Alpha (level) 0.6 
2) Gamma (trend) 0.7 
230- Delta (seasonal) 0.0 
220- 
Bia Sart Accuracy Measures 
& MAPE 1.3094 
Sel MAD 2.6209 
1905 MSD 12.0241 
180-4 
170-5 
160° T T T T T E T T 
Month Jan Jan Jan Jan Jan Jan Jan Jan 
Year 1995 1997 1999 2001 2003 2005 2007 2009 
Smoothing Constants Smoothing Constants 
Alpha (level) 0.6 Alpha (level) 0.5 
Gamma (trend) Oe 7 Gamma (trend) Ols.5 
Delta (seasonal) 0.1 Delta (seasonal) 0...5 
Accuracy Measures Accuracy Measures 
MAPE 1.3385 MAPE 1.5411 
MAD 2.6693 MAD 3.0496 
MSD 12.1670 MSD 16.0494 
Smoothing Constants Smoothing Constants 
Alpha (level) 0.9 Alpha (level) 0.9 
Gamma (trend) 0.9 Gamma (trend) 0.6 
Delta (seasonal) 0.0 Delta (seasonal) 0.0 
Accuracy Measures Accuracy Measures 
MAPE 1.2530 MAPE 1.17580 
MAD 2.4764 MAD 2.33057 
MSD 10.1339 MSD 9.30118 
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Question 3 (15 +15 = 30 marks) 

Part (A) 

In order to predict how long a male customer will live, a life insurance actuary collected 
information on 100 recently deceased males. She recorded the age of death of the customer, 
the age of death of his mother and father together with the mean age of death for his 
grandmothers (Gmothers) and the mean age of death for his grandfathers (Gfathers). The 
following multiple regression output was obtained: 

Model 1 


[The regression equation is 
Longevity = 3.24 + 0.451 Mother + 0.411 Father + 0.0166 Gmothers 
+ 0.0869 Gfathers 


Predictor Coef SE Coef T P VIF 
Constant 3.244 5.423 0.60 0.551 

Mother 0.45086 0.05450 8.27 0.000 1.5 
Father 0.41118 0.04979 8.26 0.000 1.3 
Gmothers 0.01655 0.06611 0.25 0.803 1.4 
Gfathers 0.08686 0.06566 1.32 0.189 1.4 
S = 2.66407 R-Sq = 74.1% R-Sq(adj) = 73.0% 


Analysis of Variance 


Source DF Ss MS F P 
Regression 4 1929.52 482.38 67.97 0.000 
Residual Error 95 674.24 7.10 

Total 99 2603.76 


a) Evaluate the quality of the estimated regression in model 1. 
Is the model likely to be useful in predicting men’s longevity? 


b) What is multicollinearity? Is multicollinearity a problem in modell? 


c) It was decided to run model 2 where the two variables involving the mean age of the 
grandparents were dropped. 
Explain which of the models you would choose for forecasting purposes. 


Model 2 


[The regression equation is 
Longevity = 6.48 + 0.477 Mother + 0.433 Father 


Predictor Coef SE Coef T P VIF 
Constant 6.481 4.011 1.62 0.109 

Mother 0.47748 0.04585 10.41 0.000 1.1 
Father 0.43304 0.04625 9.36 0.000 1.1 
S = 2.66082 R-Sq = 73.6% R-Sq(adj) = 73.1% 


Analysis of Variance 


Source DF 8S MS EF eS 
Regression 2 1917.01 958.50 135.38 0.000 
Residual Error 97 686.75 7.08 

Total 99 2603.76 


d) Predict the longevity of a man whose parents lived to the age of 70 and whose 
grandmothers averaged 80 years and whose grandfathers averaged 75 years. 


Question 3 is continued on next page 
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Part (B) 
The average monthly milk production per cow on a dairy farm over 14 years is graphed 
below. 


Time Series Plot of Milk 
1000 + 


900 5 


800 - 


Milk 


700 5 


600 - 


500+ T T T 
Time Jan Jan Jan Jan Jan Jan Jan 
Year 2000 2002 2004 2006 2008 2010 2012 


a) Comment on the data pattern. Is the data series stationary? 


b) Use the four sample autocorrelation functions on the next page to explain the level of 
differencing required to achieve stationarity in this data series. 


c) Why is it important to have a stationary data series for the Box-Jenkins forecasting 
method? 


Question 3 is continued on next page 


Autocorrelation 


Autocorrelation Function for Milk 
(with 5% significance limits for the autocorrelations) 


1.0 
0.8- 
0.6- 
0.4- 
0.2- 
0.0 


wlll. 


-0.245 \ 


-0.4- 
-0.6- 
-0.8- 
-1.0-4 


Autocorrelation 


Autocorrelation Function for Diffl 
(with 5% significance limits for the autocorrelations) 


QM264, Trimester 1 2014 


1.0- 
0.85 
0.64 
0.4- 
0.24 
0.0 


=0'2- 
-0.44 
-0.6-4 
-0.8- 
=1.0- 


45 
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d) Use the sample partial autocorrelation function for the stationary series together with your 
chosen sample autocorrelation function to identify two possible ARIMA(p,d,q)(P,D,Q) 
models. Ensure you include a justification of the model identification. 


Partial Autocorrelation Function for Stationary Series (Milk) 
(with 5% significance limits for the partial autocorrelations) 
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Question 4 (20 marks) 


Data on the annual gross revenue (in billions of current dollars) over the past 38 years for a large 
multinational corporation were used to estimate the following four ARIMA models: 


Model | 


Final Estimates of Parameters 


Type Coef SE Coef c P 

AR 1 0.6618 0.1436 4.61 0.000 

AR 2 -0.7812 0.1822 -4.29 0.000 

AR 3 0.7806 0.1737 4.49 0.000 

Constant 0.23710 0.08056 2.94 0.006 

Differencing: 1 regular difference 

Number of observations: Original series 38, after differencing 37 
Residuals: SS = 7.73553 (backforecasts excluded) 


MS 


0.23441 DF = 33 


Modified Box-Pierce (Ljung-Box) Chi-Square statistic 


Lag 12 24 36 48 
Chi-Square 92.2 lag ae 20%.9 * 
DF 8 20 32 
P-Value 0.324 0.640 0.942 


Forecasts from period 38 
95 Percent 
Limits 
Period Forecast Lower Upper Actual 
39 26.8955 25.9463 27.8446 
40 28.6057 26.7648 30.4466 


Model 2 

Final Estimates of Parameters 

Type Coef SE Coef T P 
AR 1 0.2933 0.1618 1.81 0.078 


Constant 0.5005 0.1039 4.82 0.000 


Differencing: 1 regular difference 


Number of observations: Original series 38, after differencing 37 
Residuals: SS = 13.9828 (backforecasts excluded) 
MS = 0.3995 DF = 35 


Modified Box-Pierce (Ljung-Box) Chi-Square statistic 


Lag 1:2 24 36 48 
Chi-Square P52 21.4 Bie - 
DF 10 22 34 
P-Value 0.125 0.499 0.609 


Forecasts from period 38 
95 Percent 
Limits 
Period Forecast Lower Upper Actual 
39 28.1471 26.9080 29.3862 
40 28.8374 26.8117 30.8631 


Question 4 is continued on next page 
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Model 3 
Final Estimates of Parameters 
Type Coef SE Coef ay P 
IA 1 -0.8198 0.1042 -7.87 0.000 
Constant 0.6888 0.1630 4.23 0.000 
Differencing: 1 regular difference 
Number of observations: Original series 38, after differencing 37 
Residuals: SS = 10.8182 (backforecasts excluded) 
MS = 0.3091 DF = 35 
Modified Box-Pierce (Ljung-Box) Chi-Square statistic 


Lag 12 24 36 48 
Chi-Square £130 Leak 22:56 * 
DF 10 22 34 
P-Value 0.360 0.755 0.932 
Forecasts from period 38 
95 Percent 
Limits 
Period Forecast Lower Upper Actual 
39 27.3048 26.2149 28.3947 
40 27.9936 25.7305 30.2567 

Model 4 
Final Estimates of Parameters 
Type Coef SE Coef T P 
AR 1 -0.2532 0.1977 -1.28 0.209 
[A 1 -0.9374 0.0676 -13.87 0.000 
Constant 0.8804 0.1666 5.29 0.000 
Differencing: 1 regular difference 
Number of observations: Original series 38, after differencing 37 
Residuals: SS = 10.5531 (backforecasts excluded) 

MS = 0.3104 DF = 34 
Modified Box-Pierce (Ljung-Box) Chi-Square statistic 


24 
18.3 
2d, 
0.628 


36 
27.4 
33 
0.742 


Lag 12 
Chi-Square 10.4 
DF 9 
P-Value 0.322 


48 


* 


Forecasts from period 38 
95 Percent 
Limits 
Lower 
26.3954 
26.2319 


Period Forecast Actual 
39 27.4876 


40 28.3711 


Upper 
28.5798 
30.5104 


a) 


b) 


Use ARIMA(p,d,q) notation to specify the four models. 


revenue for the next two years. 
Justify your choice and report the forecasts. 


c) Report the preferred model using the backshift operator. 


Determine which of the four models is the preferred model to use in order to forecast the gross 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


